catalytic intermediate. For such work, it is necessary that an investigator use a single-crystal microspectrophotometer with a millisecond time resolution, such as that described by Hadfield & Hajdu (1993) . Such devices, while essential for singleturnover Laue experiments that capture diffraction information during the lifetime of an intermediate species during an initial synchronized catalytic cycle, cost a minimum of $20 000, up to approximately $150 000 for commerically available instrumentation. In comparison, the cost of building this instrument can be as low as $1000 to 5000 (excluding workstation), depending on the availability of a suitable light source and CCD camera.
This research was conducted with financial support from the NIH (GM49857). J Appl. Cryst. (1995). 28, 834-836 An enveloped cross rotation function. By 
Abstract
A procedure has been developed for the computation of the cross rotation function in the initial step of molecular replacement. This procedure involves the truncation of the model Patterson map by means of an envelope which follows the shape of this Patterson. Test calculations carried out using bovine phospholipase A2 as the search model and a mutant porcine phospholipase A2 data set as the target crystal with this enveloped cross rotation function indicate that the resulting orientation is nearly as accurate as that found after Patterson correlation refinement of the solution of the cross rotation function.
Introduction
In the molecular replacement method (Rossmann, 1972) , the initial step of cross-rotation-function calculations is carried out using a known three-dimensional model of a macromolecule, placed in a large artificial P1 unit cell of dimensions equal to at least twice the molecular dimensions. This is done to compute IFcl values, which are used to generate the model Patterson map. The IFol values are used to compute the observed Patterson function. Two types of approach are currently being used: the first is to have a spherical radius of truncation around the origin of the Patterson (Rossmann & Blow, 1962) . This is done in order to remove most of the cross vectors approaching the origin of the observed Patterson map. The second approach is to have no truncation at all (e.g. Navaza, 1987 Navaza, , 1990 , the disadvantage of which is that cross vectors will be present when the cross rotation function is being evaluated. Here it is proposed that another cross rotation function may be performed by using a tnmcation of the calculated Patterson map which follows the shape of the calculated Patterson. This truncation is done by means of an envelope.
The procedure used for the computation of the enveloped cross rotation function
All computations were carried out using software from the DEMON~ANGEL software suite (Vellieux, Hunt, Roy & Read, 1995) , which is derived from the Groningen BIOMOL software suite (Groningen protein crystallography group, unpublished results). The different steps required to perform the computation of the enveloped cross rotation function are described below:
Step 1: generation of an electron density distribution from the atomic coordinates;
Step 2: computation of IFcl values from this artificial electron-density distribution by inverse fast Fourier transform (FFT; Ten Eyck, 1973 Eyck, , 1977 ; Step 3: computation of an IFcl 2 origin-containing Patterson map using data from the lowest possible resolution to the high-resolution limit by direct FFT; The evaluation of the cross rotation function was carried out using a 2.5 ° step along 01, 02 and 03. These angles are as defined in Rossmann & Blow (1962) . The correct orientation of the bovine PLA2 molecule was obtained by superimposing it on to the mutant porcine PLA2 molecules with the BIOMOL program SUPPOS. The figures given in parentheses are the angular deviations from the correct orientation. The data used for the computation of the initial origin-containing model Patterson map extended from the lowest possible resolution to 3.5 A, and data from 8.0 to 3.5 A was used for the computation of all other Patterson maps. For the evaluation of the 'classical' cross rotation function, a radius of truncation around the origin of 30.0 A was used. CRF: cross rotation function. ECRF: enveloped cross rotation function. PC ref.
: Patterson correlation refinement.
Step 4: map inversion of this calculated Patterson distribution with truncation of all negative Patterson densities to 0.0 (Wang, 1985) and computation of the artificial weights according to Leslie (1987) with a radius of ca 8.0 A by inverse FFT;
Step 5: computation of a blurred Patterson map using the data and weights computed in step 4 by direct FFT;
Step 6: computation of an envelope containing 100% of the volume of the calculated Patterson vectors (no attempt has yet been made to try to determine the optimal value of this volume); in contrast to the original solvent-flattening procedure, the 'solvent content' is specified by giving the number of points in the 'protein region' of the map. These correspond to the number of positive points found in the Patterson map calculated in step 3;
Step 7: Fourier inversion of this envelope with a radius of ca 3.0 A and computation of the artificial weights by inverse FFT;
Step 8: recomputation of the envelope using the weights computed in step 7 by direct FFT. The density is rescaled so that the minimum density is 0.0, the maximum density is 1.0, with 20 density intervals in this range, thereby providing a continuous envelope;
Step 9: computation of an origin-removed IFcI 2 -(IFcI) 2
Patterson map with a low-resolution cut-off by direct FFT;
Step 10: application of the envelope to the Patterson computed in step 9. This is done by multiplying the density values in the Patterson map by those in the envelope. This enveloped cross rotation function removes the deviations from zero values in the fiat regions of the Patterson function which are due to the low-resolution cut-off used (lowresolution series-termination errors). These fluctuations do not exceed two standard deviations, the standard deviation being calculated over the whole Patterson map. The cross rotation function can then be evaluated with the modified Patterson computed in step 10 and an IFol 2 Patterson using, for example, X-PLOR (Briinger, Kuryian & Karplus, 1987; Briinger, 1990 Briinger, , 1992 . Alternatively, the modified Patterson can be Fourier inverted to provide modified IFcl 2 from which modified IFcl terms are obtained, to be used in a fast-rotation-function calculation (Crowther, 1972) . This latter approach has not yet been tried.
Test calculations
Tests were carried out using bovine phospholipase A2 coordinates (Dijkstra, Kalk, Hol & Drenth, 1981 ) as the search model and a mutant porcine phospholipase A2 (PLA2) data set (Kuipers et al., 1989; Thunnissen, Kalk, Drenth & Hol, 1990) as the target crystal, both kindly provided by Dr M. M. G. M. Thunnissen and Professor B. W. Dijkstra, using the procedure described above. The evaluation of the cross rotation function was carried out with X-PLOR (Briinger, Kuryian & Karplus, 1987; Briinger, 1990 Briinger, , 1992 . The results are summarized in Table 1 . These clearly indicate that the enveloped crossrotation-function calculations performed on the PLA2 molecule give an orientation nearly as accurate as after Patterson correlation refinement (Briinger, 1990) of the cross-rotationfunction orientation.
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